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(54) Light emitting device 



(57) The present invention provides a TFT that has 
a channel length particularly longer than that of an ex- 
isting one, specifically, several tens to several hundreds 
times longer than that of the existing one, and thereby 
allowing turning to an on-state at a gate voltage partic- 
ularly higher than the existing one and driving, and al- 



lowing having a low channel conductance gd. According 
to the present invention, not only the simple dispersion 
of on-current but also the normalized dispersion thereof 
can be reduced, and other than the reduction of the dis- 
persion between the individual TFTs, the dispersion of 
the OLEDs themselves and the dispersion due to the 
deterioration of the OLED can be reduced. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to the manufac- 
turing method of semiconductor device, in particular, 
present invention relates to a light emitting device com- 
prising an organic light emitting device (OLED) formed 
over a substrate having an insulating surface. The in- 
vention also relates to an OLED module in which ICs 
including a controller, or the like, is mounted with an 
OLED panel. Note that, in this specification, the light 
emitting device includes the OLED panel and for the 
OLED module. Electronic equipment using the light 
emitting device is also included in the present invention. 
[0002] Noted that in the present specification, the 
term "semiconductor device" generally indicates a de- 
vice which is capable of functioning by utilizing semicon- 
ductor characteristics, and a light emitting device, an 
electro-optical device, a semiconductor circuit and an 
electronic device are all included in the semiconductor 
device. 

2. Description of the Related Art 

[0003] Recently, technology for forming TFTs (Thin 
Film Transistor) over a substrate has been greatly pro- 
gressed, and its application to an active matrix display 
device is actively developed. In particular, a TFT using 
a polysilicon film have a higher field effect mobility (also 
referred to as mobility) than that of a conventional TFT 
using an amorphous silicon film, and thus, is capable of 
high-speed operations. Therefore, a driving circuits that 
consist of TFTs using a polysilicon film is provided over 
the same substrate as pixels, and the development for 
controlling respective pixels is performed actively. Since 
driving circuits and pixels over one substrate are incor- 
porated into an active matrix display device, there are 
various advantages such as reduction in the manufac- 
turing cost, miniaturization of the display device, im- 
provement in yield, and improvement in throughput. 
[0004] In addition, an active matrix light emitting de- 
vice (hereinafter, simply referred to as light emitting de- 
vice), which has as a self-luminous element an OLED 
is actively researched. The light emitting device is also 
referred to as organic EL displays (OELDs) or organic 
light emitting diodes (OLEDs). 
[0005] An OLED is self-luminous to have high visibil- 
ity, and is optimal for making a display thin since a back- 
light like used for a liquid crystal display (LCD) is not 
required. Further, an angle of view has no limits. There- 
fore, a light emitting device using an OLED has thus 
come under the spotlight as a substitute display device 
for CRTs and LCDs. 

[0006] An active matrix driving system for displaying 
an image by arranging a plurality of TFTs in each pixel 



and sequentially writing a video signal is known as one 
mode of a light emitting device using OLED elements. 
The TFT is an indispensable element for realizing the 
active matrix driving system. 

5 [0007] In addition, for the purpose of realizing the ac- 
tive matrix driving system, in the light emitting device 
using OLED, since TFT controls current amount flowing 
through OLED, it can not realized when TFT that uses 
low current effect mobility amorphous silicon is adopted. 

10 it is preferable that the semiconductor film having a crys- 
tallizing structure, typically, TFT using polysilicon is 
adopted to connect to OLED. 

[0008] The semiconductor film having crystalline 
structure, typically, a polysilicon film is used to form TFT, 
is and pixels and driving circuits are formed integrally over 
the same substrate, thereby the number of connecting 
terminals is dramatically reduced and a frame area (the 
periphery portion of the pixel portion) is also reduced. 
[0009] However, even when the TFT is formed by us- 
20 ing the polysilicon, its electrical characteristics are final- 
ly not equivalent to the characteristics of a MOS transis- 
tor formed in a single crystalline silicon substrate. For 
example, the electric field effect mobility of a conven- 
tional TFT is equal to or smaller than 1/1 0 in comparison 
with the single crystalline silicon. Further, the TFT using 
polysilicon has a problem that is dispersion is caused 
easily in its characteristics due to a defect formed in a 
boundary of a crystal grain. 

[0010] In the light emitting device, at least a TFT func- 
tioning as a switching element and a TFT for supplying 
an electric current to an OLED are generally arranged 
in each pixel. A low off-electric current (l off ) is required 
in the TFT functioning as the switching element while 
high driving ability (an on-electric current l on ), the pre- 
vention of deterioration due to a hot carrier effect and 
the improvement of reliability are required in the TFT for 
supplying the electric current to the OLED. Further, high 
driving ability (the on-electric current l on ), the prevention 
of deterioration due to the hot carrier effect and the im- 
provement of reliability are also required in the TFT of 
the data line driving circuit. 

[0011] Moreover, since the luminance of a pixel is de- 
termined by the ON current (l on ) of TFT which is electri- 
cally connected with an OLED and supplies current to 
the EL element without depending on the drive method, 
there is a problem dispersion is caused in luminance if 
ON current is not constant in case of displaying white 
on overall surface. For example, in case of adjusting lu- 
minance by light emitting time and performing 64 gray 
scales, the ON current of the TFT which is electrically 
connected with the EL element and supplies current to 
the OLED is dispersed 1.56% (=1/64) from a fiducial 
point to shift one gray scale. 

[0012] Moreover, when OLED is formed, the gap of 
EL layer pattering and unevenness of the thickness of 
EL layer disorder the substrate. There is a slightly vari- 
ation in luminosity. This invention makes it the subject 
to be made in view of the above-mentioned problem, to 
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reduce the characteristic variation of each TFT, and to 
reduce the variation in luminosity. 
[0013] Moreover, it is also making into the subject to 
reduce the variation in OLED which is not related to the 
characteristic variation of TFT, and to reduce the varia- 
tion in luminosity. 

SUMMARY OF THE INVENTION 

[0014] Moreover, in conventional active matrix type 
light emitting device, when resolution is tried to be 
raised, the problem that the aperture rate was restricted 
by arrangement of electrode for the retention capaci- 
tance in a pixel portion and the wiring for retention ca- 
pacitance, TFT, various wiring, and the like had oc- 
curred. This invention aims at offering the pixel structure 
which raises the aperture rate in a pixel portion. 
[0015] As one of typical indicators of TFT character- 
istics, a V-l characteristics graph is known. At a position 
where a build-up in the V-l characteristics curve is most 
precipitous (it is also called as a rising point), value of 
electric current changes most. Accordingly, in the case 
that an electric current supplied to an OLED is controlled 
by a TFT, the value of electric current of the TFT that 
supplies the current to the OLED largely disperses when 
the rising point disperses. 

[0016] The value of voltage at the rising point is called 
as threshold voltage (V m ) and is a voltage by which the 
TFT is switched to an on-state. Furthermore, in general, 
it is regarded that the closer to zero the V th is, the better 
it is. It is regarded that when the V th becomes larger, an 
increase in a driving voltage and in power consumption 
may be caused. 

[0017] There are two kinds of dispersions in the elec- 
tric current value of the TFT. Specifically, one is the sim- 
ple dispersion 3 sigma of the electric current value and 
the other is the dispersion with respect to a medium val- 
ue (average value) of the electric current values in an 
ensemble of a particular number of TFTs (in the present 
specification, this dispersion is also called as a normal- 
ized dispersion). 

[0018] The present inventors have found that there is 
a tendency that the latter dispersion depends strongly 
on gate voltage value (Vg). In Fig. 3, relationship be- 
tween Vgs in p-channel type TFTs (channel width W = 
8 urn) of various channel lengths (5 urn, 10 urn, 20 urn, 
50 urn, 100 u.m, 200 u,m and 400 u.m) and normalized 
dispersions is shown. Furthermore, in Fig. 4, relation- 
ship between Vgs in n-chan nel type TFTs (channel width 
W = 8 u.m) of various channel lengths and normalized 
dispersions is shown. 

[0019] With experimental data of the TFTs, the 
present invention will now be described in detail. 
[0020] When the channel length of the TFT that sup- 
plies an electric current to the OLED is made longer, the 
value of electric current becomes smaller and the simple 
dispersion 3 sigma decreases. TFTs are prepared with 
Vd set at -7V and Vg at -3.25 V and with the channel 
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width fixed at 8 u.m, and with the channel length varying 
in 50 urn, 100 uin, 200 urn and 400 urn, respectively. 
With each of the TFTs, the dispersion of on-current and 
normalized dispersion are measured. These measure- 
s ments are shown in Fig. 11. However, as shown in Fig. 
11, when only the channel length is made longer, the 
current value becomes smaller, but the dispersion with 
respect to the medium value of the electric currents in 
an ensemble of a particular number of TFTs (normalized 
10 dispersion) does not change. 

[0021] In the present invention, in order to make the 
dispersion lower, a TFT is designed to have such a long 
channel length as to be ten times or more or several 
h undreds times or more longer than ever so that the TFT 
is may be turned to an on-state at a particularly higher gate 
voltage, and furthermore a gate voltage that is input from 
the outside is set to drive. 

[0022] The TFTs whose Vd is set at -7V, channel width 
is fixed at 8 urn, and channel length is set at 50 urn are 
measured of the dispersions of the on-currents and the 
normalized dispersions thereof at Vg = -3V, respectively. 
Subsequently, in a similar manner, the TFTs whose 
channel length is 100 u.m are measured at Vg = -3.75 
V, the TFTs whose channel length is 200 \xm are meas- 
ured at Vg = -3.75 V, and the TFTs whose channel length 
is 400 jxm are measured at Vg = -5.75 V. Measurement 
results are shown in Fig. 2. 

[0023] As shown in Fig. 2, as the channel length is 
made longer and thereby the gate voltage (Vg) is made 
larger, not only the simple dispersion of on-current but 
also the normalized dispersion can be reduced. In this 
example, in order to make the Vg larger, the TFT having 
longer channel length is used. However, it is not restrict- 
ed to the above but, in order to make the Vg larger, within 
permissible design limits, for instance, the channel width 
W may be made shorter, a source region or a drain re- 
gion of the TFT may be made highly resistive, or a con- 
tact resistance may be made higher. 
[0024] Furthermore, the present invention provides a 
TFT whose channel length is much longer, specifically, 
several tens of to several hundreds of times longer than 
that of the related art, so that the TFT may be turned to 
an on-state at a gate voltage much higher than ever to 
drive and may have low channel conductance gd. Fig. 
1 shows data corresponding to Fig.2 and is a graph 
showing channel conductance gd of individual TFTs un- 
der the same conditions (Vg, the channel width, and the 
channel length) as the data of Fig. 2. 
[0025] In the present invention, when a TFT that sup- 
plies a current to an OLED is made such that in the range 
that the sum of source-drain voltage Vd and threshold 
voltage Vth is larger than gate voltage Vg, that is, in the 
range of Vg < (Vd + Vth), channel conductance is from 
0 to 1 x 10' 8 S, preferably 5 x 10' 9 S or less, further 
preferably 2 x 10" 9 S or less so that dispersion of the 
current that flows to the TFT can be reduced, and a cer- 
tain constant current can be flowed to the OLED. 
[0026] In addition to the above, resulting from the 
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smaller channel conductance gd, the dispersion of the 
OLEDs themselves caused by an area contraction in an 
EL layer due to a patterning or heat treatment can be 
also reduced. Furthermore, by making the channel con- 
ductance gd smaller, even when the OLED may be de- 
teriorated for some reason, the current flowing to the 
OLED can be maintained at a constant value, resulting 
in maintaining a constant brightness. In Fig. 12, Id-Vd 
curves and load curves of the OLED are shown. The 
channel conductance gd indicates a gradient of the Id- 
Vd curve, and as the channel conductance gd is made 
smaller, the gradient of the Id-Vd curve becomes small- 
er, resulting In a substantially constant current value. In 
Fig, 12, the load curves of the OLED are curves showing 
relationship between the current value that is input to 
the OLED and the Vd when Vg = -3.3 V and a p-channel 
TFT connected to the OLED is driven in a saturation re- 
gion. For instance, when -Vd Is -17 V, since a voltage 
on a cathode side is -1 7 V, a voltage that is input to the 
OLED is 0 V. Accordingly, a current that is input to the 
OLED becomes also zero. Furthermore, the current val- 
ue at an intersection point of the Id-Vd curve and the 
load curve of the OLED corresponds to the brightness. 
In Fig. 1 2, when the gd is smaller, there is an intersection 
point where -Vd is -7 V. At that time, the current value 
that is input to the OLED is 1 x 10" 6 [A], and lumines- 
cence of the brightness corresponding to this current 
value can be obtained. When the gd is smaller, to which- 
ever side of a right side and a left side the load curve of 
the OLED may be moved, the current value hardly 
change, resulting in a uniform brightness. Furthermore, 
when an individual OLED itself disperses, the load curve 
thereof moves to either the right side or the left side. 
Furthermore, when the OLED deteriorates, the load 
curve of the OLED shifts to the left side. In the case that 
the gd is larger, when the load curve of the OLED shifts 
to the left side because of the deterioration and be- 
comes a curve shown with a dotted line, an intersection 
point with the load curve of the OLED varies, resulting 
in different current values before and after the deterio- 
ration. On the other hand, in the case that the gd is small- 
er, even when the load curve of the OLED shifts to the 
left side because of the deterioration, the current value 
hardly changes so that the dispersion of the brightness 
is reduced, resulting in a uniform brightness. 
[0027] Here, in order to make the channel conduct- 
ance gd lower, the channel length is made longer, and 
thereby the TFT is turned to an on-state at a voltage 
much higher than in the related art to be driven. How- 
ever, by other means, the channel conductance gd may 
be further lowered. For instance, the channel conduct- 
ance gd may be in lowered by forming the TFT in a LDD 
structure, or by dividing a channel forming region into a 
plurality of sub-regions. 

[0028] Most n-channel TFTs of, pixels for use in liquid 
crystal panels are of size channel length L x channel 
width W = 12 u.m x 4 jam and L x W = 12 ujti x 6 um 
In general, In order to improve an open area ratio, it is 



regarded that the smaller an area that the TFT occupies 
in a pixel, that is, an occupation area, is, the better it is. 
Accordingly, it has been difficult to think of making the 
channel length such long as 100 u.m or more. Further- 

5 more, it is found that, as shown in Fig. 4, in the case that 
the channel length is 5 u.m or 10 ujti, the Vg least dis- 
perses in the range of 8 V to 1 0 V and there is an in- 
creasing tendency in the dispersion when the Vg is 10 
V or more. Accordingly, it could not be thought of that, 

10 in the case that the channel length is made 100 urn or 
more, the larger the Vg is, the less the dispersion be- 
comes. 

[0029] Furthermore, when the channel length is made 
1 00 u.m or more, various shapes can be thought of as a 
is semiconductor layer. Typical examples, include a shape 
in which a semiconductor layer 102 snakes in an X di- 
rection as shown in Fig. 6 (it is referred to as A type in 
the present specification), a shape in which a semicon- 
ductor layer 1102 snakes in a Y direction as shown in 
Fig. 13A (it is referred to as B type in the present spec- 
ification), and a rectangular shape (a semiconductor lay- 
er 1202) as shown in Fig. 13B. 
[0030] Still furthermore, when the channel length is 
made longer, in the case that a laser beam radiation 
process is applied as one of steps for forming the TFT, 
the dispersion of the laser beam can be also reduced. 
With each of combinations of the TFT sizes and the 
semiconductor layer shapes of L x W = 87 um x 7 u,m 
(rectangular shape), L x W = 1 65 \im x 7 u,m (rectan- 
gular shape), L x W = 88 u.m x 4 ujn (rectangular 
shape), L X W = 165 urn x 4 u,m (rectangular shape), 
L x W = 500 u,m x 4 ujti (A type), and L X W = 500 u,m 
x 4 fim (B type), and furthermore with a scanning speed 
of the laser beam set at 1 mm/sec or 0.5 mm/sec, the 
TFTs are prepared. With these TFTs, experiments are 
conducted to study the relationship between the TFT 
size and the shape of the semiconductor layer, and the 
dispersion (3 sigma) of the on-current of the TFT. Here, 
the laser beam is radiated to improve the crystallinity of 
polysilicon. In Fig. 18, experimental results in the case 
of the gate voltage Vg = -5 V and Vd = -6 V are shown, 
and in Fig. 19, experimental results in the case of the 
gate voltage Vg = -10 V and Vd = -6 V are shown. In 
Figs. 1 8 and 1 9, medium values (\iA) of the on-currents 
are also shown. Furthermore, relationship between the 
TFT size and the shape of the semiconductor layer, and 
the dispersion (3 sigma) of the threshold value (Vth) of 
the TFT is obtained and shown in Fig. 20. 
[0031 ] From Figs. 1 8 and 1 9, it can be read that there 
is a tendency that the longer the channel length L is, the 
smaller the dispersion of the on-currents is. The disper- 
sion of the laser beam is smaller in the laser scanning 
speed 0.5 mm/sec than in 1 mm/sec, and the longer the 
channel length L is made, the smaller the difference of 
the dispersions of the different laser scanning speeds 
becomes. That is, it can be regarded that the longer the 
channel length L is made, the more the dispersion of the 
laser light can be reduced. Furthermore, it can be read 



25 



30 



35 



40 



45 



50 



4 



7 



EP1 310 997 A2 



8 



that one whose dispersion is most reduced is L x W = 
500 urn x 4 u.m, and the dispersion of the on-current is 
smaller in the A type than in the B type. 
[0032] In view of the above, from Figs. 18 and 19, it 
can be seen that the dispersion of the brightness of a 
light emitting device in which the TFT that supplies a 
current to the OLED is operated in a voltage range until 
a saturation region is attained can be reduced. 
[0033] Furthermore, when compared with the current 
value flowing to the TFT fixed at a constant value, the 
channel width W is better to be smaller. Fig. 21 shows 
a graph showing the dispersions when the current val- 
ues are fixed at a constant value (Id = 0.5 u,A). From Fig. 
21 , it can be seen that the dispersion of the brightness 
of the light emitting device in which the TFTthat supplies 
the current to the OLED is operated in the saturation 
region can be reduced. Furthermore, similarly, it can be 
read that the dispersion is most reduced in L x W = 500 
px4 u.m, and the on-current of the A type disperses 
less than the B type. 

[0034] Still furthermore, Fig. 20 also tells that there is 
a tendency that the longer the channel length L is, the 
less the dispersion of the threshold voltage (Vth) is. 
[0035] Furthermore, since as the channel length L is 
made longer, the dispersions of both the threshold val- 
ues and on-currents, that is, electric characteristics of 
the TFT, are reduced, it can be regarded that not only 
the dispersion of the laser beam is reduced but also the 
dispersion resulting from other processes is reduced. 
[0036] Still furthermore, also in a light emitting device 
having an OLED, it is regarded that the smaller the oc- 
cupation area of the TFT that is provided to the pixel is, 
the better the TFT is. Since the existing TFT size is 
small, the dispersion in the individual TFT characteris- 
tics is large and is a main reason of the display irregu- 
larity in a display device. 

[0037] In the case of the current flowing to the OLED 
being controlled with the TFT, largely divided, there are 
two methods. Specifically, one is a method that controls 
the current in a voltage range called the saturation re- 
gion and the other one is a method that controls the cur- 
rent in the voltage range until the saturation region is 
attained. When, as shown in Fig. 9, with a certain con- 
stant gate voltage applied and with a source-drain volt- 
age Vd gradually raising, current values flowing be- 
tween the source and the drain are measured, and 
thereby a Vd-ld curve of a TFT is obtained, a graph in 
which the current value becomes a substantially con- 
stant above a certain value of Vd is obtained. In the 
present specification, in the Vd-ld curve, a range where 
the current value becomes substantially constant is 
called a saturation region. 

[0038] The present invention is also effective even 
when the TFT that supplies the current to the OLED is 
operated in the voltage range until the saturation region 
is attained. However, in particular, when the TFT that 
supplies the current to the OLED is operated in the sat- 
uration region and thereby the current flowing to the 



OLED is maintained constant, an effect of reducing the 
dispersion is remarkable. 

[0039] Furthermore, it is preferable to use the p-chan- 
nel type TFT whose dispersion is more reduced than the 
5 n-channel type TFT, as shown in Figs. 3 and 4, for the 
TFT that supplies the current to the OLED. However, in 
the present invention, the TFT that supplies the current 
to the OLED may be either one of the n-channel type 
TFT and the p-channel type TFT. In the case of the TFT 
io that supplies the current to the OLED being, for in- 
stance, the p-channel type TFT, a connection need only 
be performed as shown in Fig. 1 0A. Furthermore, in the 
case of the TFT that supplies the current to the OLED 
being, for instance, the n-channel type TFT, a connec- 
ts tion need only be implemented as shown in Fig. 1 0B. In 
each of Figs. 10A and 10B, although only the TFTthat 
supplies the current to the OLED is shown, it goes with- 
out saying that after the gate electrode of the TFT, var- 
ious circuits made of a plurality of TFTs may be dis- 
20 posed. That is, the circuit configuration is not restricted 
to particular one. 

[0040] One configuration of the invention that is dis- 
closed in the present specification is a light emitting de- 
vice having a light emitting element, the light emitting 
25 element including: 

a cathode; 

an organ ic compound layer in contact with the cath- 
ode; and 

30 an anode in contact with the organic compound lay- 
er; 

wherein a channel length L of a TFT connected to 
the light emitting element is 100 urn or more, and pref- 
35 erably is from 1 00 ujd to 500 ujti. 

[0041] In the configuration, a ratio of a channel width 
W of the TFT to the channel length L thereof is from 0.1 
to 0.01. 

[0042] Another configuration of the invention that is 
40 disclosed in the present specification is a light emitting 
device having a light emitting element, the light emitting 
element, including: 

a cathode; 

4 5 an organic compound layer in contact with the cath- 
ode; and 

an anode in contact with the organic compound lay- 
er; 

50 wherein a ratio of a channel width W of the TFT 

connected to the light emitting element to the channel 
length L thereof is from 0.1 to 0.01 . 
[0043] In the respective configurations, the TFT con- 
nected to the light emitting element, in the range that the 
55 sum of source-drain voltage Vd and threshold voltage 
Vth is larger than gate voltage Vg, has a channel con- 
ductance gd from 0 to 1 x 1 0' 8 S, preferably of 0 to 5 x 
10" 9 S, more preferably of 0 to 2 x 10' 9 S. 
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[0044] Still another configuration of the invention that 
is disclosed in the present specification is a light emitting 
device having a light emitting element, the light emitting 
element, including: 

a cathode; 

an organic compound layer in contact with the cath- 
ode; and 

an anode In contact with the organic compound lay- 
er; 

wherein the TFT connected to the light emitting 
element, in the range that the sum of source-drain volt- 
age Vd and threshold voltage Vth is larger than gate volt- 
age Vg, has a channel conductance gd from 0 to 2 x 
10- 9 S. 

[0045] In the respective configurations, the TFT con- 
nected to the light emitting element is a p-channel type 
TFT or an n-channel type TFT. 
[0046] A region that is called a channel region in the 
present specification denotes a region that contains a 
portion (it is called also a channel) where carriers (elec- 
trons and holes) flow, and a length of the channel region 
in a direction in which the carriers flow is called a chan- 
nel length and a width thereof a channel width. 
[0047] Furthermore, in the specification, the channel 
conductance gd denotes a conductivity of a channel and 
can be expressed with the following equation. 

[Equation 1] 
gd=W(V g -V th ) u n C ox /L 

[0048] In the equation 1 , L denotes a channel length, 
W a channel width, Vg a gate voltage, Vth a threshold 
voltage, u,m mobility, and C ox an oxide film capacitance. 
In the TFT, when the Vg is equal to or more than the Vth, 
the channel conductance starts to generate. 
[0049] In addition to this, in the case of the channel 
length L being made longer, the oxide film capacitance 
C ox becomes larger. Accordingly, the capacitance can 
be partially made use of as a retention capacitance of 
the OLED. So far, in order to form a retention capaci- 
tance, a space for forming the retention capacitance is 
necessary for each of pixels, and a capacitance line and 
a capacitance electrode are disposed. However, when 
a pixel configuration of the present invention is adopted, 
the capacitance line and the capacitance electrode can 
be omitted. Furthermore, in the case of the retention ca- 
pacitance being formed with the oxide film capacitance 
C ox , the retention capacitance can be formed, with a 
gate insulating film as dielectrics, of a gate electrode and 
a semiconductor (channel region) that overlaps with the 
gate electrode with the gate insulating film interposed 
therebetween. Accordingly, even in the case of the 
channel length of the TFT being made longer, as shown 
in Fig. 5, when a semiconductor layer 102 of the TFT is 



disposed below a power supply line 1 06 disposed at an 
upper layer of the gate electrode and a source wiring, a 
pixel can be designed without decreasing the open area 
ratio. That is, when the present pixel configuration is im- 
5 plemented, even when the space for the capacitance 
line and the capacitance electrode is omitted, sufficient 
retention capacitance can be provided, and furthermore 
the open area ratio can be improved. 
[0050] In the combinations of the TFT sizes and the 
10 semiconductor layer shapes shown in Figs. 18 and 19, 
the oxide film capacitances C ox are 192 (fF) for L x W 
= 87 uiri x 7 u.m (rectangular shape) case, 364.5 (fF) 
for L x W = 165 ^m x 7jim (rectangular shape) case, 
111.1 (f F) for L x W = 88 u.m x 4 fxm (rectangular shape) 
15 case, 208 .3 (f F) for L x W = 1 65 ujti x 4 um (rectangular 
shape) case, 631 .3 (f F) for L x W = 500 u.m x 4 ujti (A 
type) case, and 631 .3 (f F) for L x W = 500 urn x 4 jxm 
(B type) case, respectively. Furthermore, other values 
when the oxide film capacitance C ox is obtained are set 
as follows. That is, a film thickness of the gate insulating 
film (oxide film) Tox is 115 nm, e 0 is 8.8542 x 10' 12 (F/ 
m 2 ), and e ox is 4.1. 

[0051] Furthermore, in the respective configurations, 
the capacitance C ox of the TFT connected to the light 
emitting element is 100 fF or more, being preferably in 
the range of 1 00 fF to 700 f F. 

[0052] Still furthermore, in the respective configura- 
tions, the gate electrode of the TFT connected to the 
light emitting element and a wiring disposed thereabove 
form a retention capacitance. Specifically, as shown in 
Fig. 5, with an interlayer insulating film (an organic in- 
sulating film or inorganic insulating film) disposed on the 
gate electrode 1 00 as dielectrics, the gate electrode 1 00 
and a power supply line 1 06 that overlaps with the gate 
electrode 1 00 form a capacitance. In Fig. 5, an area with 
which the gate electrode 1 00 and the power supply line 
106 overlap (12 u.m X 127 u,m = about 1524 u.m 2 ) is 
large, though depending on the film thickness and die- 
lectric constant of the interlayer insulating film, a reten- 
tion capacitance is formed. All of the capacitance 
formed between the gate electrode 100 and the power 
supply line 106 is allowed to function as a retention ca- 
pacitance of an EL element. Accordingly, it is preferable 
to appropriately design so that the sum of the capaci- 
tance C ox of the TFT that is connected to the light emit- 
ting element and the capacitance that is formed be- 
tween the gate electrode of the TFT and the power sup- 
ply line 106 may be several hundreds fF. 
[0053] In the present specification, all layers formed 
between an anode and a cathode of the OLED are de- 
fined as an organic light emitting layers. The organic 
light emitting layers, specifically, comprises a light emit- 
ting layer, a hole injection layer, an electron injection lay- 
er, a hole transporting layer, and an electron transport- 
ing layer. Basically, the OLED has a structure in which 
an anode, a light emitting layer and a cathode are se- 
quentially stacked. In addition to this structure, there are 
other structures in which an anode, a hole injection lay- 
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er, a light emitting layer, and a cathode are sequentially 
stacked, or an anode, a hole injection layer, a light emit- 
ting layer, an electron transporting layer, and a cathode 
are sequentially stacked. 

[0054] An OLED includes a layer that contains an or- 
ganic compound (organic light emitting material) from 
which luminescence (Electro-luminescence) can be ob- 
tained when an electric field is applied (hereinafter, re- 
ferred to as organic light emitting layer), an anode and 
a cathode. In the luminescence in the organic com- 
pound, there are luminescence generated when an ex- 
cited singlet state relaxes to a ground state (fluores- 
cence) and luminescence generated when an excited 
triplet state relaxes to the ground state (phosphores- 
cence). In the light emitting device of the present inven- 
tion, among the above luminescences, either one of the 
above luminescences may be used, or both of the lumi- 
nescences may be used. 

[0055] Furthermore, in the above, as an illustration, a 
top gate type TFT is explained. However, the present 
invention can be applied without restricting to a particu- 
lar TFT structure. The present invention can be applied 
to, for instance, a bottom gate type (inverse stagger 
type) TFT and a forward stagger type TFT. 
[0056] Still furthermore, in the light emitting device of 
the present invention, a driving method for displaying a 
screen is not restricted to a particular method. For in- 
stance, a dot sequential driving method, a line sequen- 
tial driving method or a plane sequential driving method 
can be used. Typically, with the line sequential driving 
method, a time-sharing gradation driving method or an 
area gradation driving method may be appropriately ap- 
plied. Furthermore, a video signal that is input to a 
source line of the light emitting device may be an analog 
signal or a digital signal, a driving circuit or the like being 
appropriately designed in accordance with a video sig- 
nal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0057] Fig. 1 is a diagram showing relationship be- 
tween channel length of a TFT and channel conduct- 
ance gd. 

[0058] Fig. 2 is a diagram showing three sigma show- 
ing dispersion of current and three sigma showing nor- 
malized dispersion of current. 
[0059] Fig. 3 is a diagram showing relationship be- 
tween dispersion of current of p-channel type TFT and 
Vg at certain channel lengths. 
[0060] Fig. 4 is a diagram showing relationship be- 
tween dispersion of current of n-channel type TFT and 
Vg at certain channel lengths. 
[0061] Fig. 5 is a diagram showing a top view of a pix- 
el. 

[0062] Fig. 6 is a diagram showing a top view of a pix- 
el. 

[0063] Fig. 7 is a diagram showing a sectional struc- 
ture of an active matrix type light emitting display device. 



[0064] Fig. 8 is a diagram showing an equivalent cir- 
cuit of an active matrix type light emitting display device. 
[0065] Fig. 9 is a diagram showing a graph showing 
an Id-Vd curve. 
5 [0066] Figs. 1 0A and 1 0B are diagrams showing con- 
nection relations between an OLED and a TFT connect- 
ed to the OLED. 

[0067] Fig. 11 is a diagram showing three sigma 
showing the dispersion of current and three sigma 
10 showing the normalized dispersion of current. 

[0068] Fig. 1 2 is a diagram showing a load curve and 
an Id-Vd curve of the OLED. 

[0069] Figs. 13A and 13B are diagrams showing top 
views of pixels (Embodiment 2). 
is [0070] Figs. 14A and 14B are diagrams showing a 
module (Embodiment 3). 

[0071] Fig. 15 is a diagram showing a module (Em- 
bodiment 3). 

[0072] Figs. 1 6A through 1 6F are diagrams showing 
20 electronics (Embodiment 4). 

[0073] Figs. 1 7A through 1 7C are diagrams showing 
electronics (Embodiment 4). 

[0074] Fig. 18 is a diagram showing relationship be- 
tween TFT size of the present invention and the disper- 
25 sion of on-current (at Vg = -5 V). 

[0075] Fig. 19 is a diagram showing relationship be- 
tween TFT size of the present invention and the disper- 
sion of on-current (at Vg = -10 V). 
[0076] Fig. 20 is a diagram showing relationship be- 
so tween TFT size of the present invention and the disper- 
sion of threshold voltage. 

[0077] Fig. 21 is a diagram showing relationship be- 
tween TFT size of the present invention and the disper- 
sion of on-current at a constant current value (Id = 0.5 
35 uA). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

40 [0078] In the following, modes for implementing the 
present invention will be explained. 
[0079] Fig. 5 is a partially enlarged top view of a pixel 
portion of a light emitting device having an OLED. In Fig. 
5, for the sake of simplicity, an EL layer is not shown, 
^5 and only one electrode (pixel electrode 107) of the 
OLED is shown. 

[0080] In Fig. 5, a semiconductor layer 101 is a layer 
that works as an active layer of a switching TFT, a region 
that overlaps with a gate wiring 1 05 is a channel forming 
50 region, a region that connects with a source wiring 1 04 
is a source region (or a drain region), and a region that 
connects with a connection electrode 103 is a drain re- 
gion (or a source region). Theswitching TFT is a double- 
gate structure having two channel forming regions. 
55 [0081] Furthermore, a semiconductor layer 102 is a 
layer that works as an active layer of a TFT that supplies 
a current to the OLED, a region that overlaps with a gate 
electrode 1 00 being a channel forming region . The gate 
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electrode 100 of the TFT that supplies a current to the 
OLED is connected with the connection electrode 103. 
Still furthermore, a source region (or a drain region) of 
the TFT that supplies a current to the OLED and a power 
supply line 106 are connected, a drain region (or a 
source region) of the TFT that supplies a current to the 
OLED and a connection electrode 1 08 being connected, 
and a pixel electrode 107 being formed in contact with 
the connection electrode 108. Furthermore, above the 
gate electrode 100, the power supply line 106 and a 
source wiring of an adjacent pixel are disposed so as to 
partially overlap. Of the semiconductor layer 102, above 
a channel forming region that overlaps with the gate 
electrode 100 with the gate insulating film interposed 
therebetween, the power supply line 106 and a source 
wiring of an adjacent pixel are disposed so as to partially 
overlap. All of the capacitance formed between the gate 
electrode 100 and the power supply line 106 can be 
used as a retention capacitance of the EL element. Ac- 
cordingly, with the capacitance formed between the gate 
electrode 1 00 and the power supply line 1 06, necessary 
retention capacitance can be secured to a certain de- 
gree. 

[0082] Furthermore, Fig. 6 is a top view correspond- 
ing to Fig. 5 and is a diagram at a stage where the sem- 
iconductor layers 1 01 and 1 02, the gate wiring 1 05 and 
the gate electrode 100 are formed. A region where the 
semiconductor layer 1 02 overlaps with the gate elec- 
trode 100 with a gate insulating film (not shown) inter- 
posed therebetween, that is, a channel forming region 
is shown with a dotted line in Fig. 6. 
[0083] The present invention intends to provide a TFT 
that supplies a current to an OLED, and in the TFT, a 
length of a channel region (channel length L) is made 
particularly longer (L = 100 to 500 u.m, in this case 500 
jxm is adopted), and thereby the TFT is allowed turning 
to an on-state at a gate voltage particularly higher than 
ever and driving, a channel conductance gd thereof be- 
ing smaller (gd = 0 to 1 x 1 0* 8 S, preferably 5 x 1 0" 9 S 
or less, and in this case 2 x 10* 9 S or less). 
[0084] By taking the above configuration, as shown in 
Fig. 2, in a pixel portion where a plurality of TFTs are 
arranged, in the TFTs that supply currents to the OLED, 
not only the simple dispersion of on-current but also the 
normalized dispersion thereof can be reduced, resulting 
in particularly reducing the dispersion of brightness of a 
display device having the OLED. 
[0085] Furthermore, when as a driving method of the 
OLED a method in which a current flowing to the OLED 
is controlled in a voltage range called a saturation region 
is adopted, the present invention exhibits an extremely 
conspicuous effect. When the configuration is adopted, 
as shown in Fig. 1 2, other than the reduction of the dis- 
persion between the individual TFTs, also the dispersion 
caused at the preparation of the OLED (dispersion of 
the OLED itself caused by an area contraction of the EL 
layer at the patterning and heat treatment) can be re- 
duced. Furthermore, by adopting the configuration, as 



shown in Fig. 12, other than the reduction of the disper- 
sion between the individual TFTs, even when the OLED 
is deteriorated for some reason, the current flowing to 
the OLED can be maintained constant, resulting in 
s maintaining a constant brightness. 

[0086] Still furthermore, in the present invention, as a 
method of driving the OLED, a method that controls the 
current flowing to the OLED in a voltage region until the 
saturation region is attained is also useful. 
w [0087] It goes without saying that the present inven- 
tion is not restricted to the top views shown in Figs. 5 
and 6. In Figs. 5 and 6, a light emitting device that allows 
emitting light through a substrate over which the TFT is 
formed (the light emitting device shown in Fig. 14 is typ- 
*s ical one) is illustrated. Accordingly, of the pixel electrode 
1 07, an open area portion is a region where the connec- 
tion electrode 108 is not formed, and in order to make 
the open area portion larger, a TFT whose channel 
length L is long is disposed below the power supply line 
20 1 06 and the source wiring. All of capacitance formed be- 
tween the gate electrode 1 00 of the TFT whose channel 
length L is long and the power supply line 106 can be 
used as the retention capacitance of the EL element. 
Furthermore, in the case of a light emitting device that 
25 emits light in a direction opposite to Figs. 5 and 6 (a light 
emitting device shown in Fig. 1 5 is typical one), the open 
area portion becomes the same region as the pixel elec- 
trode. Accordingly, the TFT whose channel length L is 
long may be disposed below the pixel electrode, and a 
30 TFT having a further longer channel length L of 500 u.m 
or more can be formed. 

[0088] Furthermore, when the pixel structure shown 
in Figs. 5 and 6 is adopted, without forming a capaci- 
tance portion for the formation of the retention capaci- 
35 tance, the oxide film capacitance C ox can be partially 
used as the retention capacitance. However, in one pix- 
el, the retention capacitance and a memory (SRAM, 
DRAM or the like) may be formed. Still furthermore, in 
one pixel, a plurality of TFTs (two or more TFTs) and 
40 various circuits (current mirror circuit or the like) maybe 
incorporated. 

[0089] Furthermore, although in the above a top gate 
type TFT is illustrated, irrespective of the TFT struc- 
tures, the present invention can be applied. The present 
<5 invention can be applied to, for instance, a bottom gate 
type (inverse stagger type) TFT and a forward stagger 
type TFT. 

[0090] The present invention thus configured will be 
detailed with reference to the following embodiments. 

50 

Preferred Embodiments 

[Embodiment 1] 

55 [0091] Here, a method of simultaneously manufactur- 
ing a pixel portion and TFTs (n-channel TFTs and a p- 
channel TFT) of a driving circuit provided in the periph- 
ery of the pixel portion over the same substrate to man- 
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ufacture the light emitting device having OLED is de- 
scribed in detail. 

[0092] For a lower layer of the base insulating film 
301 , a silicon oxynitride film formed from SiH 4 , NH 3j and 
N 2 0 as material gases (composition ratio: Si=32%, 
0=27%, N=24%, H=17%) is formed on the heat resist- 
ance glass substrate (the first substrate 300) having a 
thickness of 0.7 mm with a thickness of 50 nm (prefer- 
ably 1 0 to 200 nm) and at a film deposition temperature 
of 400 °C by using plasma CVD. Then, after the surface 
is cleaned with ozone water, an oxide film on the surface 
is removed by means of dilute hydrofluoric acid (dilution 
with 1/1 00). Next, for an upper layer of a base insulating 
film 302, a silicon hydride oxynitride film formed from 
SiH 4 and N 2 0 as material gases (composition ratio: 
Sl=32%, 0=59%, N=7%, H=2%) is formed thereon with 
a thickness of 100 nm (preferably 50 to 200 nm) and at 
a film deposition temperature of 400 °C by using plasma 
CVD to thereby form a lamination. Further, without ex- 
posure to an atmosphere, a semiconductor film having 
an amorphous structure (in this case, amorphous silicon 
film) is formed to have a thickness of 54 nm (preferably 
25 to 80 nm) with SiH 4 as a film deposition gas and at 
a film deposition temperature of 300 °C by using plasma 
CVD. 

[0093] ' In this embodiment, the base insulating film 
104 is shown in a form of a two-layer structure, but a 
single layer of the insulating film or a structure in which 
two or more layers thereof are laminated may be adopt- 
ed. Further, there is no limitation on the material of the 
semiconductor film. However, the semiconductor film 
may be preferably formed of silicon or silicon germani- 
um (Si^xGex (X=0.0001 to 0.02)) alloy by using a 
known means (sputtering, LPCVD, plasma CVD, or the 
like). Further, a plasma CVD apparatus may be a single 
wafer type one or a batch type one. In addition, the base 
Insulating film and the semiconductor film may be con- 
tinuously formed in the same film formation chamber 
without exposure to an atmosphere. 
[0094] Subsequently, after the surface of the semi- 
conductor film having an amorphous structure is 
cleaned, an extremely thin oxide film with a thickness of 
about 2 nm is formed from ozone water on the surface. 
Then, in order to control a threshold value of a TFT, dop- 
ing of a minute amount of impurity element (boron or 
phosphorous) is performed. Here, an ion doping method 
is used in which diborane (B 2 H 6 ) is plasma-excited with- 
out mass-separation, and boron is added to the amor- 
phous silicon film under the doping conditions: an ac- 
celeration voltage of 15 kV; a gas flow rate of diborane 
diluted to 1% with hydrogen of 30 seem; and a dosage 
of2x 1012 /cm*. 

[0095] Then, a nickel acetate salt solution containing 
nickel of 10 ppm in weight is applied using a spinner. 
Instead of the application, a method of spraying nickel 
elements to the entire surface by sputtering may also 
be used. 

[0096] Then, heat treatment is conducted to perform 



crystallization, thereby forming a semiconductor film 
having a crystalline structure. A heating process using 
an electric furnace or irradiation of strong light may be 
conducted for this heat treatment. In case of the heating 
5 process using an electric furnace, it may be conducted 
at 500 to 650 °C for 4 to 24 hours. Here, after the heating 
process (500 °C for 1 hour) for dehydrogenation is con- 
ducted, the heating process (550 °C for 4 hours) for 
crystallization is conducted, thereby obtaining a silicon 
10 film having a crystalline structure. Note that, although 
crystallization is performed by using the heating process 
using a furnace, crystallization may be performed by 
means of a lamp annealing apparatus. Also note that, 
although a crystallization technique using nickel as a 
'5 metal element that promotes crystallization of silicon is 
used here, other known crystallization techniques, for 
example, a solid-phase growth method and a laser crys- 
tallization method, may be used. 
[0097] Next, after the oxide film on the surface of the 
20 silicon film having a crystalline structure is removed by 
dilute hydrofluoric acid or the like, irradiation of first laser 
light (XeCI: wavelength of 308 nm) for raising a crystal- 
lization rate and repairing defects remaining in crystal 
grains is performed in an atmosphere or in an oxygen 
atmosphere. Excimer laser light with a wavelength of 
400 nm or less, or second harmonic wave or third har- 
monic wave of a YAG laser is used for the laser light. In 
any case, pulse laser light with a repetition frequency of 
approximately 10 to 1000 Hz is used, the pulse laser 
light is condensed to 100 to 500 mJ/cm 2 by an optical 
system, and irradiation is performed with an overlap ra- 
tio of 90 to 95%, whereby the silicon film surface may 
be scanned. Here, the irradiation of the first laser light 
is performed in an atmosphere with a repetition frequen- 
cy of 30 Hz and energy density of 470 mJ/cm 2 . Note that 
an oxide film is formed on the surface by the first laser 
light irradiation since the irradiation is conducted in an 
atmosphere or in an oxygen atmosphere. Though an ex- 
ample of using the pulse laser is shown here, the con- 
tinuous oscillation laser may also be used. When a crys- 
tallization of an amorphous semiconductor film is con- 
ducted, it is preferable that the second harmonic through 
the fourth harmonic of basic waves is applied by using 
the solid state laser which is capable of continuous os- 
cillation in order to obtain a crystal in large grain size. 
Typically, it is preferable that the second harmonic (with 
a thickness of 532 nm) or the third harmonic (with a 
thickness of 355 nm) of an Nd: YV0 4 laser (basic wave 
of 1 064 nm) is applied. Specifically, laser beams emitted 
from the continuous oscillation type YV0 4 laser with 10 
W output is converted into a harmonic by using the non- 
linear optical elements. Also, a method of emitting a har- 
monic by applying crystal of YV0 4 and the non-linear 
optical elements into a resonator. Then, more prefera- 
bly, the laser beams are formed so as to have a rectan- 
gular shape or an elliptical shape by an optical system, 
thereby irradiating a substance to be treated. At this 
time, the energy density of approximately 0.01 to 100 
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MW/cm 2 (preferably 01 . to 1 0 MW/cm 2 ) is required. The 
semiconductor film is moved at approximately 10 to 
2000 cm/s rate relatively corresponding to the laser 
beams so as to irradiate the semiconductor film. 
[0098] Though the technique of irradiating laser light 
is conducted after heat treatment using nickel as a metal 
element for promoting the crystallization is performed 
here, crystallization of an amorphous silicon film may be 
performed by using continuous oscillation layer (the 
second harmonics of YV0 4 laser) without doping nickel. 
[0099] The oxide film formed by this laser light irradi- 
ation and an oxide film formed by treating the surface 
with ozone water for 1 20 seconds together make a bar- 
rier layer that has a thickness of 1 to 5 nm in total. 
Though the barrier layer is formed by using ozone water 
here, another method such as ultraviolet light irradiation 
performing in an oxygen atmosphere or oxide plasma 
treatment to oxidize the surface of the semiconductor 
film having the crystalline structure may be used. In ad- 
dition, as another method for forming the barrier layer, 
an oxide film having a thickness of about 1 nm to 1 0 nm 
may be deposited by a plasma CVD method, a sputter- 
ing method, an evaporation method, or the like. In this 
specification, the term barrier layer refers to a layer 
which has a film quality or film thickness that allows a 
metal element to pass in the gettering step and which 
functions as an etching stopper in the step of removing 
the layer that functions as a gettering site. 
[0100] On the barrier layer, an amorphous silicon film 
containing argon elements are formed to a thickness of 
50 to 400 nm, in this embodiment, 150 nm by sputtering 
to serve as a gettering site. Film formation conditions by 
sputtering in this embodiment include setting thef ilm for- 
mation pressure to 0.3 Pa, the gas (Ar) flow rate to 50 
seem, the film formation power to 3 kW, and the sub- 
strate temperature to 1 50°C. The amorphous silicon film 
that is formed under the above conditions contains ar- 
gon elements in an atomic concentration of 3 x 10 20 to 
6 x 10 20 /cm 3 , and contains oxygen in an atomic con- 
centration of 1 x 10 19 to 3 x 10 19 /cm 3 . Thereafter, an 
electric furnace is used in heat treatment at 550°C for 4 
hours for gettering to reduce the nickel concentration in 
the semiconductor film having a crystalline structure. 
The lamp annealing apparatus may by used instead of 
the electric furnace. 

[01 01 ] Subsequently, the amorphous silicon film con- 
taining the argon element, which is the gettering site, is 
selectively removed with the barrier layer as an etching 
stopper, and then, the barrier layer is selectively re- 
moved by dilute hydrofluoric acid. Note that there is a 
tendency that nickel is likely to move to a region with a 
high oxygen concentration in gettering, and thus, it is 
desirable that the barrier layer comprised of the oxide 
film is removed after gettering. 
[0102] Then, after a thin oxide film is formed from 
ozone water on the surface of the obtained silicon film 
having a crystalline structure (also referred to as poly- 
silicon film), a mask made of resist is formed, and an 



etching process is conducted thereto to obtain a desired 
shape, thereby forming the island-like semiconductor 
layers separated from one another. After the formation 
of the semiconductor layers, the mask made of resist is 
s removed. 

[0103] Then, the oxide film is removed with the etch- 
ant containing hydrofluoric acid, and at the same time, 
the surface of the silicon film is cleaned. Thereafter, an 
insulating film containing silicon as its main constituent, 
10 which becomes a gate insulating film 303, is formed. In 
this embodiment, a silicon oxynitride film (composition 
ratio: Si=32%, 0=59%, N=7%, H=2%) is formed with a 
thickness of 115 nm by plasma CVD. 
[0104] Next, on the gate insulating film 303, a first con- 
's ductive film with a thickness of 20 to 1 00 nm and a sec- 
ond conductive film with a thickness of 100 to 400 nm 
are formed in lamination. In this embodiment, a 50 nm 
thick tantalum nitride film and a 370 nm thick tungsten 
film are sequentially laminated on the gate insulating 
film 303. 

[0105] As a conductive material for forming the first 
conductive film and the second conductive film, an ele- 
ment selected from the group consisting of Ta, W, Ti, 
Mo, Al and Cu, or an alloy material or compound mate- 
rial containing the above element as its main constituent 
is employed. Further, a semiconductor film typified by a 
polycrystalline silicon film doped with an impurity ele- 
ment such as phosphorous, or an AgPdCu alloy may be 
used as the first conductive film and the second conduc- 
tive film. Further, the present invention is not limited to 
a two-layer structure. For example, a three-layer struc- 
ture may be adopted in which a 50 nm thick tungsten 
film, an alloy film of aluminum and silicon (Al-Si) with a 
thickness of 500 nm, and a 30 nm thick titanium nitride 
film are sequentially laminated. Moreover, in case of a 
three-layer structure, tungsten nitride may be used in 
place of tungsten of the first conductive film , an alloy film 
of aluminum and titanium (Al-Ti) may be used in place 
of the alloy film of aluminum and silicon (Al-Si) of the 
second conductive film, and a titanium film may be used 
in place of the titanium nitride film of the third conductive 
film. In addition, a single layer structure may also be 
adopted. 

[0106] An ICP (inductively coupled plasma) etching 
method may be preferably used for the etching process 
of the above-mentioned first and second conductive 
films (the first and second etching processes). The ICP 
etching method is used, and the etching conditions (an 
electric energy applied to a coil-shape electrode, an 
electric energy applied to an electrode on a substrate 
side, a temperature of the electrode on the substrate 
side, and the like) are appropriately adjusted, whereby 
a film can be etched to have a desired taper shape. In 
this embodiment, after the resist mask is formed, RF 
(1 3.56MHz) power of 700 W is applied to the coil-shape 
electrode with a pressure of 1 Pa as a first etching con- 
dition, and CF 4 , SF 6 , and NF 3 , and 0 2 can be appropri- 
ately used as etching gases. Each flow rate of gasses 
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is set to 25/25/1 0 (seem), and RF (1 3.56 MHz) power of 
1 50 W is applied also to the substrate (sample stage) to 
substantially apply a negative self-bias voltage. Note 
that, size of the electrode area on the substrate side is 
12.5 cm x 12.5 cm, and coil-shape electrode (a quartz 
disc comprising a coil is used here) has 25cm in diam- 
eter. With the first etching conditions, a W film is etched 
to form an end portion of the first conductive layer into 
a tapered shape. Thereafter, the resist mask is removed 
and the second etching condition is adopted. CF 4 and 
Cl 2 are used as etching gases, the flow rate of the gases 
is set to 30/30 scan, and RF (13.56 MHz) power of 500 
W is applied to a coil-shape electrode with a pressure 
of 1 Pa to generate plasma, thereby performing etching 
for about 30 seconds. RF (13.56 MHz) power of 20 W 
is also applied to the substrate side (sample stage) to 
substantially apply a negative self-bias voltage. Under 
the second etching conditions in which CF 4 and Cl 2 are 
mixed, both the W film and the TaN film are etched at 
the same level. Here, the first etching condition and the 
second etching condition are referred to as the first etch- 
ing treatment. 

[0107] The second etching treatment is performed 
without removing a resist mask. Here, CF 4 and Cl 2 are 
used as etching gases, the flow rate of the gases is set 
to 30/30 seem, and RF (13.56 MHz) power of 500 W is 
applied to a coil-shape electrode with a pressure of 1 
Pa to generate plasma, thereby performing etching for 
about 60 seconds. RF (13.56 MHz) power of 20 W is 
also applied to the substrate side (sample stage) to sub- 
stantially apply a negative self-bias voltage. Thereafter, 
the fourth etching treatment is performed without remov- 
ing a resist mask, CF 4 , Cl 2l and 0 2 are used as etching 
gases, the flow rate of the gases is set to 20/20/20 seem, 
and RF (1 3.56 MHz) power of 500 W is applied to a coil- 
shape electrode with a pressure of 1 Pa to generate 
plasma, thereby performing etching for about 20 sec- 
onds. RF (1 3.56 MHz) power of 20 W is also applied to 
the substrate side (sample stage) to substantially apply 
a negative self-bias voltage. Here, the third etching con- 
dition and the fourth etching condition are referred to as 
the second etching treatment. At this stage, the gate 
electrode and electrodes 304 and 305 to 307 comprised 
of the first conductive layer 304a as a lower layer and 
the second conductive layer 304b as a upper layer are 
formed. At this state, the upper structure of pixels may 
be formed as shown in Fig. 6. 

[0108] After removing the resist masks, the first dop- 
ing treatment is conducted to dope using gate elec- 
trodes 304 to 307 as masks to entire surface. The first 
doping treatment employs ion doping or ion implanta- 
tion. In ion doping, the dose is set to 1 .5 x 10 14 atoms/ 
cm 2 and the acceleration voltage is set to 60 to 1 00 keV. 
Typically, phosphorus (P) or arsenic (As) is used as an 
impurity element that gives the n-type conductivity. The 
first impurity regions (n~ region) 322 to 325 are formed 
in a self aligning manner. 

[0109] Subsequently, new resist masks are formed. 



The masks are formed to cover the channel formation 
region or the portion of the semiconductor layer for form- 
ing the switching TFT 403 of the pixel portion 401 . The 
masks are formed to protect the channel formation re- 
s gionorthe portion of the semiconductor layer for forming 
the p-channel TFT 406 of the driving circuit. In addition, 
masks are formed to cover the channel formation region 
of the semiconductor layer for forming the current con- 
trol TFT 404 of the pixel portion 401 or the periphery 
10 portion thereof. 

[0110] Next, the impurity region (n* region) overlap- 
ping with a part of the gate electrode by performing se- 
lectively the second doping treatment using resist 
masks. The second doping processing may be per- 
15 formed by the ion-doping method or the ion-implanting 
method. In this embodiment, the ion doping method is 
performed under a condition in a gas flow rate of phos- 
phine (PH 3 ) diluted to 5% with hydrogen of 30 seem, and 
the dose of 1 .5 x 1 0 13 atoms /cm 2 and the accelerating 
20 voltage of 90 kV. The resist mask and the second con- 
ductive film function as mask for the n-type doping im- 
purity element, and the second impurity regions 31 1 and 
312 are formed. An n-type doping impurity element in 
the density range of 1 x 10 16 to 1 x 10 17 atoms /cm 3 
are added to the impurity regions 311 and 312. In this 
embodiment, the region of same concentration range as 
the second impurity region is referred to as n* region. 
[0111] The third doping processing is performed with- 
out removing masks made of resist. The third doping 
processing may be performed by the ion-doping method 
or the ion-implanting method. As the n-type doping im- 
purity element may be typically used phosphorus (P) or 
arsenic (As). In this embodiment, the ion doping method 
is performed under a condition in a gas flow rate of phos- 
phine (PH 3 ) diluted to 5% with hydrogen of 40 seem, the 
dose of 2 x 1 0 13 atoms /cm 2 , and the accelerating volt- 
age of 80 kV. In this case, the resist mask, the first con- 
ductive layer, and the second conductive layer function 
as masks for the n-type doping impurity element and the 
third impurity regions 313, 314, and 326 to 328 are 
formed. An n-type doping impurity element in the density 
range of 1 x 1 0 20 to 1 x 1 0 21 atoms /cm 3 are added to 
the third impurity regions 313 and 314. In this embodi- 
ment, the region of same density range as the third im- 
purity region is referred to as n + region. 
[0112] After the resist mask is removed, the mask 
made from resist is formed to perform the fourth doping 
treatment. By the fourth doping treatment, the fourth im- 
purity regions 318, 319, 332, and 333 and the fifth im- 
purity regions 316,317, 330, and 331 are formed that is 
the semiconductor layer forming the semiconductor lay- 
er forming the p-channel type TFT in which p-type dop- 
ing impurity element is added. 
[01 13] A p-type doping impurity element in the density 
range of 1 x 1 0 20 to 1 x 1 o 21 atoms /cm 3 are added to 
the fourth impurity regions 318,319, 332, and 333. Note 
that, in the fourth impurity regions 318, 319, 332, and 
333, phosphorous (?) has been added in the preceding 
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step (rr region), but the p-type doping impurity element 
is added at a density that is 1 .5 to 3 times as high as 
that of phosphorous. Thus, the fourth impurity regions 
318, 319, 332, and 333 have a p-type conductivity. In 
this embodiment, the region of same density range as 
the fourth impurity region is referred to as p + region. 
[0114] The fifth impurity regions 316, 317, 330, and 
331 are formed to overlap with the taper portion of the 
second conductive layer, and added with the p-type im- 
purity element in the density range of 1 x 10 18 to 1 x 
1 0 20 atoms /cm 3 . In this embodiment, the region of same 
density range as the fifth impurity region is referred to 
as p* region. 

[0115] Though the above-described steps, the impu- 
rity regions having n-type or p-type doping impurity el- 
ement are formed in the respective semiconductor layer. 
The conductive layers 304 to 307 become gate elec- 
trodes of TFT. 

[01 1 6] Next, an insulating film (not shown) that covers 
substantially the entire surface is formed. In this embod- 
iment, a 50 nm thick silicon oxide film is formed by plas- 
ma CVD. Of course, the insulating film is not limited to 
a silicon oxide film, and other insulating films containing 
silicon may be used in a single layer or a lamination 
structure. 

[0117] Then, a step of activating the impurity element 
added to the respective semiconductor layers is con- 
ducted. In this activation step, a rapid thermal annealing 
(RTA) method using a lamp light source, a method of 
irradiating light emitted from a YAG laser or excimer la- 
ser from the back surface, heat treatment using a fur- 
nace, or a combination thereof is employed. 
[0118] Further, although an example in which the in- 
sulating film is formed before the activation is shown in 
this embodiment, a step of forming the insulating film 
may be conducted after the activation is conducted. 
[0119] Next, a first interlayer insulating film 308 is 
formed of a silicon nitride film, and heat treatment (300 
to 550° C for 1 to 12 hours) is performed, thereby con- 
ducting a step of hydrogenating the semiconductor lay- 
ers. This step is a step of terminating dangling bonds of 
the semiconductor layers by hydrogen contained in the 
first interlayer insulating film 308. The semiconductor 
layers can be hydrogenated irrespective of the exist- 
ence of an insulating film (not shown) formed of a silicon 
oxide film. As another means for hydrogenation, plasma 
hydrogenation (using hydrogen excited by plasma) may 
be conducted. 

[01 20] Next, a second interlayer insulating film 309 is 
formed from an organic insulating material on the first 
interlayer insulating film 308. In this embodiment, an 
acrylic resin film 309a with a thickness of 1.6 nm is 
formed by a coating method. Further, the silicon nitride 
film 309b with a thickness of 200 nm is formed by using 
a sputtering method. In this embodiment, an example of 
depositing the silicon nitride film on the acrylic resin film 
with a thickness of 1 .6 u.m is shown. The material or the 
thickness of the insulating film are not limited. In the 



case that a capacity is formed between the gate elec- 
trode and the power source current line that is formed 
on the gate electrode, the thickness of the organic insu- 
lating film and the inorganic insulating film may be 0.5 
s jim to 2.0 jam. 

[0121] Next, the pixel electrode 334 is formed that 
contacts to the drain region of the current control TFT 
404 including p-channel TFT to contact and overlap with 
the connection electrode to be formed later In this em- 
10 bodiment, the pixel electrode functions as an anode of 
OLED, and is a transparent conductive film to pass the 
light from OLED to the pixel electrode. 
[0122] The contact hole that reaches the conductive 
layer to be the gate electrode or the gate wiring, and the 
'5 contact hole that reach each impurity region. In this em- 
bodiment, the plural etching treatments are performed 
sequentially. In this embodiment, the third interlayer in- 
sulating film is etched using the second interlayer insu- 
lating film as an etching stopper, and the first interlayer 
20 insulating film is etched afterthe second interlayer insu- 
lating film is etched using the first interlayer insulating 
film as the etching stopper. 

[0123] Thereafter, the electrodes 335 to 341 are 
formed by using Al, Ti, Mo, W and the like. Specifically, 
a source wiring, a power source supply line, an extrac- 
tion electrode, and a connection electrode are formed. 
As the material of the electrodes and the wirings, a lam- 
ination film having Al film (350 nm thickness) including 
Ti film (1 1 0 nm thickness) and silicon, and Ti film (50 nm 
thickness) is used. And patterning is performed. Thus, 
the source electrode, the source wiring, the connection 
electrode, the extraction electrode, and the power 
source supply line are formed appropriately. Further, the 
extraction electrode for contacting with the gate wiring 
overlapped with the interlayer insulating film is provided 
in the edge portion of the gate wiring. The input-output 
terminal portion in which the plural electrodes for con- 
necting with an external circuit and an external power 
source is provided are formed in other edge portions of 
each wiring. The connection electrode 341 to contact 
and overlap with the pixel electrode 334 that is formed 
previously contacts with the drain region of the current 
control TFT 404. 

[0124] As described above, a driving circuit 402 hav- 
ing an n-channel TFT 405, a p-channel TFT 406, and a 
CMOS circuit that combines complementary the n- 
channel TFT 405 and a p-channel TFT 406, and a pixel 
portion 401 provided the plural n-channel TFTs 403 or 
the plural p-channel TFTs 404 in one pixel are formed. 
[0125] In this embodiment, the length of the channel 
formation region 329 of the p-channel TFT 404 connect- 
ing to OLED 400 is quite long. For example, the top sur- 
face structure may be formed as shown in Fig. 5. The 
length of channel L is 500 \im in Fig. 5. The width of 
channel W is 4 u.m. 

[0126] The patterning of each electrode is completed, 
the heat treatment is conducted removing resist. The in- 
sulators 342a, 342b referred to as bank are formed to 
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overlap with the edge portion of the pixel electrode 334. 
The bank 342a and 342b may be formed by using an 
Insulating film containing silicon or resin film. Here, after 
the bank 342a is formed by patterning the insulating film 
made from an organic resin film and the silicon nitride 
film is formed by the sputtering method. And the bank 
342b is formed by performing patterning. 
[0127] Next, an EL layer 343 is formed on the pixel 
electrode 334 whose ends are covered with the banks 
and a cathode 344 of an OLED is formed thereon. 
[01 28] An EL layer 343 (a layer for light emission and 
for moving of carriers to cause light emission) has a light 
emitting layer and a free combination of electric charge 
transporting layers and electric charge injection layers. 
For example, a low molecular weight organic EL mate- 
rial or a high molecular weight organic EL material is 
used to form an EL layer. An EL layer may be a thin film 
formed of a light emitting material that emits light by sin- 
glet excitation (fluorescence) (a singlet compound) or a 
thin film formed of a light emitting material that emits 
light by triplet excitation (phosphorescence) (a triplet 
compound). Inorganic materials such as silicon carbide 
may be used for the electric charge transporting layers 
and electric charge injection layers. Known organic EL 
materials and inorganic materials can be employed. 
[0129] It is said that the preferred material of a cath- 
ode 344 is a metal having a small work function (typi- 
cally, a metal element belonging to Group 1 or 2 in the 
periodic table) or an alloy of such metal. The light emis- 
sion efficiency is improved as the work function be- 
comes smaller. Therefore, an alloy material containing 
Li (lithium) that is one of alkali metals is particularly de- 
sirable as the cathode material. The cathode also func- 
tions as a wiring common to all pixels and has a terminal 
electrode in an input terminal portion through a connec- 
tion wiring. 

[0130] Fig. 7 is a state that is completed so far. 
[0131] Next, the OLED having at least a cathode, an 
organic compound layer, and an anode is preferably 
sealed by an organic resin, a protective film, a sealing 
substrate, or a sealing can to cut the OLED completely 
off from the outside and prevent permeation of external 
substances, such as moisture and oxygen, that accel- 
erate degradation due to oxidization of the EL layer. 
However, it is not necessary to provide the protective 
film or the like in the input-output terminal portions to 
which an FPC needs to be connected later. 
[0132] The FPC (flexible printed circuit) is attached to 
the electrodes of the input-output terminal portions us- 
ing an anisotropic conductive material. The anisotropic 
conductive material is composed of a resin and conduc- 
tive particles several tens to several hundreds u,m in di- 
ameterwhose surfaces are plated by Au or the like. The 
conductive particles electrically connect the electrodes 
of the input-output terminal portions with wirings formed 
in the FPC. 

[01 33] If necessary, an optical film such as a circularly 
polarizing plate composed of a polarizing plate and a 



phase difference plate may be provided and an IC chip 
may be mounted. 

[0134] According above the steps, the module type 
light emitting device connected FPC is completed. 

5 [0135] Moreover, when displaying by full color, the 
equivalent circuit diagram in the pixel portion of this em- 
bodiment is shown in Fig. 8. A reference numeral 701 
in Fig. 8 corresponds to the switching TFT 403 of Fig. 
7, and a reference n umeral 702 corresponds to a current 

10 control TFT 404. The pixel to which OLED 703R which 
displays red light to the drain region of the current control 
TFT404 is connected, and anode side power supply line 
R 706R is prepared in the source region. Moreover, the 
cathode side power supply line 700 is formed in OLED 

'5 703R. Moreover the pixel to which OLED 703G which 
displays green light to the drain region of the current 
control TFT are connected, and an anode side power 
supply line G 706 G are prepared in the source region. 
Moreover, the pixel to which OLED 703B which displays 

20 blue light to the drain region of the current control TFT 
is connected, and anode side power supply line B 706B 
is prepared in the source region. Different voltage is im- 
pressed to each pixel that has different colors according 
to EL material, respectively. In orderto reduce the chan- 

25 nel conductance gd, the channel length is made longer, 
and made to drive as an ON state with a high gate volt- 
age rather than conventional cases. 
[0136] In this embodiment, as a display driving meth- 
od, time division gray scale driving method that is a kind 

30 of line sequential driving method. For inputting an image 
signal to the source wiring, the both analog signal and 
digital signal may be used. The driving circuit and the 
like may be appropriately designed according to the im- 
age signal. 

35 

[Embodiment 2] 

[0137] This embodiment shows a top view (Figs. 5 
and 6) that is enlarged a part of the pixel portion in Em- 
40 bodiment 1 , and a top view that is different in a part from 
Fig. 5 and 6 is shown in Figs. 13A and 13B. 
[0138] Fig. 13A is a corresponding top view to Fig. 6, 
and same portions thereof are indicated by same sym- 
bols. Fig. 13A is an example of semiconductor layer 
45 1 1 02 that has different patterning shape that is adopted 
instead of the semiconductor layer 102 shown in Fig. 6. 
In this embodiment, the semiconductor layer 1102 is 
meandering. As shown in Fig. 13A, channel length L x 
channel width W is the same as Fig. 6, and is set 500 
50 |im x 4 uin. Fig. 13A is same as Embodiment 1 except 
the semiconductor layer 1102 that has a different pat- 
terning shape, so that another explanation may be ref- 
erenced to Embodiment 1 . 

[0139] Fig. 13B shows another different top view. 
55 Same portion corresponding to Fig. 6 are indicated by 
same symbols. Fig. 13B shows a semiconductor layer 
1202 that has different patterning shape that is adopted 
instead of the semiconductor layer 1 02 shown in Fig. 6, 
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and an electrode 1200 that is adopted instead of the 
electrode 100. The channel length in Fig. 13Bis 165u.m. 
Fig. 1 3B is same as Embodiment 1 except the semicon- 
ductor layer 1202 and the electrode 1 200 that has a dif- 
ferent patterning shape, so that another explanation 
may be referenced to Embodiment 1 . 
[0140] This embodiment can be combined with Em- 
bodiment Mode or Embodiment 1 . 

[Embodiment 3] 

[0141] The top view and cross-sectionai view of the 
module type light emitting device (also referred to as EL 
module) obtained by Embodiment 1 or 2 are illustrated. 
[01 42] Fig. 6A is a top view of an EL module, and Fig. 
14B is a cross-sectional view taken along the line A-A' 
of Fig. 14A. In Fig. 14A, a base insulating film 501 is 
formed on a substrate 500 (for example, a heat resistant 
glass), and a pixel portion 502, a source driving circuit 
504, and a gate driving circuit 503 are formed thereon. 
These pixel portion and driving circuit may be obtained 
by Embodiment 1 or 2. 

[01 43] Reference numeral 51 8 is an organic resin , ref- 
erence numeral 519 is a protective film, a pixel portion 
and a driving circuit are covered with the organic resin 
518, and the organic resin 518 is covered with the pro- 
tective film 518. In addition, the cover material may be 
used to seal using bonding material. The cover material 
may be bonded as a support medium before peeled off. 
[0144] Wiring 508 for transmitting signals to be input 
to the source driving circuit 504 and the gate driving cir- 
cuit 503 is provided. A video signal, a clock signal, etc., 
are received through the wiring 508 from a flexible print- 
ed circuit (FPC) 509 used as an external input terminal. 
Although only the FPC is illustrated, a printed wiring 
board (PWB) may be attached to the FPC. The light- 
emitting device described in this specification also com- 
prises a combination of the light-emitting device main 
unit and the FPC or a PWB attached to the main unit: 
[0145] The structure of this embodiment as seen in 
the sectional view of Fig. 14B will next be described. A 
base insulating film 501 is provided on the substrate 
500, and the pixel portion 502 and the gate driving circuit 
503 are formed on the insulating film 501 . The pixel por- 
tion 502 is constituted by current control TFTs 511 and 
a plurality of pixels including pixel electrodes 512 elec- 
trically connected to the drains of the current control 
TFTs 51 1 . The gate driving circuit 503 is formed by using 
a CMOS circuit including a combination of an n-channel 
TFT 513 and a p-channel TFT 514. 
[01 46] TFTs in these circuits (including TFTs 511,513, 
and 514) may be manufactured in accordance with the 
n-channel TFT and the p-channel TFT of Embodiment 1 . 
[0147] Each pixel electrode 512 functions as an cath- 
ode of a light emitting element. Banks 515 are formed 
at the opposite ends of the pixel electrode 512. An or- 
ganic compound layer 51 6 and a anode 51 7 of the light 
emitting element are formed on the pixel electrode 512. 



[0148] An organic compound layer 516 (a layer for 
light emission and for moving of carriers to cause light 
emission) has a light emitting layer and a free combina- 
tion of electric charge transporting layers and electric 

5 charge injection layers. For example, a low molecular 
weight organic compound material or a high molecular 
weight organic compound material is used to form an 
organic compound layer. An organic compound layer 
51 6 may be a thin film formed of a light emitting material 

10 that emits light by singlet excitation (fluorescence) (a 
singlet compound) or a thin film formed of a light emitting 
material that emits light by triplet excitation (phospho- 
rescence) (a triplet compound). Inorganic materials 
such as silicon carbide may be used for the electric 

15 charge transporting layers and electric charge injection 
layers. Known organic materials and inorganic materials 
can be employed, 

[0149] The anode 51 7 also functions as a wiring con- 
nected in common to all the pixels. The anode 517 is 
20 electrically connected to the FPC 509 via connection 
wiring 508. All the devices contained in the pixel portion 
502 and the gate driving circuit 503 are covered with the 
anode 51 7, the organic resin 51 8 and the protective film 
519. 

25 [0150] Preferably, a material having the highest pos- 
sible transparency or translucence for visible light is 
used as the sealing material 518. Also, preferably, the 
sealing material 518 has the highest possible effect of 
limiting permeation of water and oxygen. 

30 [0151] It is also preferable to provide the protective 
film 51 9 formed of a DLC film or the like at least on the 
surface of the sealing material 518 (exposed surface), 
as shown in Figs. 14A and 14B, after the light-emitting 
device has been completely covered with the sealing 

35 material 518. The protective film may be provided on the 
entire surface including the back surface of the sub- 
strate. In such a case, care must be exercised to avoid 
forming the protective film on the region where external 
input terminal (FPC) is provided. To avoid film forming 

40 on the external input terminal region, a mask may be 
used or the terminal region may be covered with a tape 
such as a Teflon tape (registered mark) used as a mask- 
ing tape in CVD apparatus. For forming the protective 
film 51 9, a silicon nitride film, DLC film, or AINxOy film 

45 may be used. 

[0152] The light emitting device is enclosed in the 
above-described structure with the protective film 519 
to completely isolate the light emitting device from the 
outside and to prevent substances which promote deg- 

so radation of the organic compound layer by oxidation, e. 
g., water and oxygen from entering the light emitting de- 
vice from the outside. Thus, the light emitting device 
having improved reliability can be obtained. 
[0153] Another arrangement is conceivable in which 

55 a pixel electrode is used as a cathode and an organic 
compound layer and an anode having property of trans- 
mittivity are formed in combination to emit light in a di- 
rection opposite to the direction indicated in Fig. 14. Fig. 
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15 shows an example of such an arrangement. This ar- 
rangement can be illustrated in the same top view as 
Fig. 1 4 and will therefore be described with reference to 
a cross-sectional view only. 

[0154] The structure shown in the cross-sectional 
view of Fig. 15 will be described. An insulating film 610 
is formed on a film substrate 600, and a pixel portion 
602 and a gate-side drive circuit 603 are formed over 
the insulating film 610. The pixel portion 602 is formed 
by a plurality of pixels including a current control TFT 
611 and a pixel electrode 612 electrically connected to 
the drain of the current control TFT 611. A gate-side 
drive circuit 603 is formed by using a CMOS circuit hav- 
ing a combination of an n-channel TET 613 and a p- 
channelTFT614. 

[0155] These TFTs (611 , 613, 614, etc.) may be fab- 
ricated In the same manner as the n-channel TFT and 
the p-channel TFT of Embodiment 1 . 
[0156] The pixel electrode 612 functions as an anode 
of the light emitting element. Banks 615 are formed at 
opposite ends of the pixel electrode 612, and an organic 
compound layer 61 6 and a cathode 61 7 of the light emit- 
ting element are formed over the pixel electrode 612. 
[01 57] The cathode 61 7 also functions as a common 
wiring element connected to all the pixels and is electri- 
cally connected to a FPC 609 via connection wiring 608. 
All the elements included in the pixel portion 602 and 
the gate-side drive circuit 603 are covered with the cath- 
ode 61 7, an organic resin 61 8 and a protective film 61 9. 
A cover member 620 is bonded to the element layer by 
an adhesive. A recess is formed in the cover member 
and a desiccant 621 is set therein. 
[0158] In the arrangement shown in Fig. 15, the pixel 
electrode is used as the anode while the organic com- 
pound layer and the cathode are formed in combination, 
so that light is emitted in the direction of the arrow in Fig. 
15. 

[01 59] While the top gate TFTs have been described 
by way of example, the present invention can be applied 
irrespective of the TFT structure. For example, the 
present invention can be applied to bottom gate (invert- 
ed staggered structure) TFTs and staggered structure 
TFTs. 

[Embodiment 4] 

[0160] All of the electronic equipments incorporated 
various modules (active matrix EL module) having 
OLED are completed by implementing the present in- 
vention. 

[0161] Following can be given as such electronic 
equipments: video cameras; digital cameras; head 
mounted displays (goggle type displays); car navigation 
systems; projectors; car stereos; personal computers; 
portable information terminals (mobile computers, mo- 
bile phones or electronic books etc.) etc. Examples of 
these are shown in Figs. 16 and 17. 
[0162] Fig. 16A is a personal computer which com- 



prises: a main body 2001 ; an image input section 2002; 
a display section 2003; and a keyboard 2004 etc. 
[0163] Fig. 1 6B is a video camera which comprises: 
a main body 2101 ; a display section 2102; a voice input 

5 section 2103; operation switches 2104; a battery 2105 
and an image receiving section 2106 etc. 
[01 64] Fig. 1 6C is a mobile computer which compris- 
es: a main body 2201 ; a camera section 2202; an image 
receiving section 2203; operation switches 2204 and a 

10 display section 2205 etc. 

[0165] Fig. 16D is a goggle type display which com- 
prises: a main body 2301; a display section 2302; and 
an arm section 2303 etc. 

[0166] Fig. 16E is a player using a recording medium 
'5 in which a program is recorded (hereinafter referred to 
as a recording medium) which comprises: a main body 
2401 ; a display section 2402; a speaker section 2403; 
a recording medium 2404; and operation switches 2405 
etc. This apparatus uses DVD (digital versatile disc), 
20 CD, etc. forthe recording medium, and can perform mu- 
sic appreciation, film appreciation, games and use for 
Internet. 

[0167] Fig. 16F is a digital camera which comprises: 
a main body 2501 ; a display section 2502; a view finder 

25 2503; operation switches 2504; and an image receiving 
section (not shown in the figure) etc. 
[0168] Fig. 17A is a mobile phone which comprises: 
a main body 2901 ; a voice output section 2902; a voice 
input section 2903; a display section 2904; operation 

30 switches 2905; an antenna 2906; and an image input 
section (CCD, image sensor, etc.) 2907 etc. 
[0169] Fig. 17B is a portable book (electronic book) 
which comprises: a main body 3001 ; display sections 
3002 and 3003; a recording medium 3004; operation 

55 switches 3005 and an antenna 3006 etc. 

[0170] Fig. 17C is a display which comprises: a main 
body 3101; a supporting section 3102; and a display 
section 3103 etc. 

[0171] In addition, the display shown in Fig. 17C has 

40 small and medium-sized or large-sized screen, for ex- 
ample a size of 5 to 20 inches. Further, to manufacture 
the display part with such sizes, it is preferable to mass- 
produce by gang printing by using a substrate with one 
meter on a side. 

45 [0172] As described above, the applicable range of 
the present invention is extremely large, and the inven- 
tion can be applied to electronic equipments of various 
areas. Note that the electronic devices of this embodi- 
ment can be achieved by utilizing any combination of 

50 constitutions in Embodiments 1 to 3. 

[0173] According to the present invention, in a pixel 
portion where a plurality of TFTs are arranged, in the 
TFTs that supply currents to the OLED, not only simple 
dispersion of on-current but also normalized dispersion 

55 thereof can be reduced, resulting in particularly reducing 
the dispersion of the brightness of a display device hav- 
ing the OLED. 

[0174] Furthermore, according to the present inven- 
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tion, even when the dispersion in the TFT fabrication 
process such as illumination conditions of the laser light 
or the like is caused, the dispersion of the electric char- 
acteristics between the TFTs can be reduced. 
[0175] Still furthermore, according to the present in- 
vention, other than the reduction of the dispersion be- 
tween the Individual TFTs, the dispersion of the OLED 
itself caused by an area contraction of the EL layer due 
to the patterning and the heat treatment can be reduced. 
[0176] Furthermore, according to the present inven- 
tion, other than the reduction of the dispersion between 
the individual TFTs, even when the OLED is deteriorated 
for some reason, the current flowing to the OLED can 
be maintained constant, resulting in maintaining a con- 
stant brightness. 

[0177] Still furthermore, according to the present in- 
vention, since part of the capacitance C ox of the TFT 
can be intentionally used as the retention capacitance, 
simplification of the pixel structure and an improvement 
in the open area ratio can be attained. 



Claims 

1. A light emitting device having a light emitting ele- 
ment, the light emitting element comprising: 

a cathode; 

an organic compound layer in contact with the 
cathode; and 

an anode in contact with the organic compound 
layer; 

wherein a channel length L of a TFT connect- 
ed to the light emitting element is 100 u.m or more. 

2. A light emitting device as set forth in claim 1 , where- 
in a ratio of a channel width W of the TFT to the 
channel length L thereof is from 0.1 to 0.01 . 

3. Alight emitting device according to claim 1 , wherein 
the TFT connected to the light emitting element is 
a p-channel type TFT or an n-channel type TFT. 

4. A light emitting device according to claim 1 , wherein 
the TFT connected to the light emitting element, in 
the range that the sum of source-drain voltage Vd 
and threshold voltage Vth is larger than gate voltage 
Vg, has a channel conductance gd from 0 to 1 x 
10-* S. 

5. A light emitting device according to claim 1 , wherein 
the TFT connected to the light emitting element, in 
the range that the sum of source-drain voltage Vd 
and threshold voltage Vth is larger than gate voltage 
Vg, has a channel conductance gd from 0 to 5 x 
10*9 S. 



30 

6. A light emitting device according to claim 1 , wherein 
the light emitting device is incorporated into an elec- 
tronic equipment selected from the group consisting 
of a personal computer, a video camera, a mobile 

5 computer, a goggle type display, a recording medi- 
um, a digital camera, a mobile phone and a display. 

7. A light emitting device having a light emitting ele- 
ment, the light emitting element comprising: 

10 

a cathode; 

an organic compound layer in contact with the 
cathode; and 

an anode in contact with the organic compound 
15 layer; 

wherein a ratio of a channel width W of the 
TFT connected to the light emitting element to the 
channel length L thereof is from 0.1 to 0.01 . 

20 

8. A light emitting device according to claim 6, wherein 
the TFT connected to the light emitting element is 
a p-channel type TFT or an n-channel type TFT. 

25 9. A light emitting device according to claim 6, wherein 
the TFT connected to the light emitting element, in 
the range that the sum of source-drain voltage Vd 
and threshold voltage Vth is larger than gate voltage 
Vg, has a channel conductance gd from 0 to 1 x 

30 10" 8 S. 

1 0. A light emitting device according to claim 6, wherein 
the TFT connected to the light emitting element, in 
the range that the sum of source-drain voltage Vd 

35 andthreshold voltage Vth is largerthan gate voltage 
Vg, has a channel conductance gd from 0 to 5 x 
10" 9 S. 

1 1 . A light emitting device according to claim 6, wherein 
the light emitting device is incorporated into an elec- 
tronic equipment selected from the group consisting 
of a personal computer, a video camera, a mobile 
computer, a goggle type display, a recording medi- 
um, a digital camera, a mobile phone and a display. 

45 

12. A light emitting device having a light emitting ele- 
ment, the light emitting element comprising: 

a cathode; 

50 an organic compound layer in contact with the 

cathode; and 

an anode in contact with the organic compound 
layer; 

55 wherein a TFT connected to the light emitting 

element, in the range that the sum of source-drain 
voltage Vd and threshold voltage Vth is largerthan 
gate voltage Vg, has a channel conductance gd 
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from 0 to 2 x 10" 9 S. 

1 3. A light emitting device according to claim 12, where- 
in the TFT connected to the light emitting element 
is a p-channel type TFT or an n-channel type TFT. 

14. A light emitting device according to claim 1 2, where- 
in the TFT connected to the light emitting element, 
In the range that the sum of source-drain voltage Vd 
and threshold voltage Vth is larger than gate voltage 
Vg, has a channel conductance gd from 0 to 1 x 
10* S. 

15. A light emitting device according to claim 12, where- 
in the TFT connected to the light emitting element, 
in the range that the sum of sou rce-drain voltage Vd 
and threshold voltage Vth is larger than gate voltage 
Vg, has a channel conductance gd from 0 to 5 x 
10" 9 S. 

16. A light emitting device according to claim 1 2, where- 
in the light emitting device is incorporated into an 
electronic equipment selected from the group con- 
sisting of a personal computer, a video camera, a 
mobile computer, a goggle type display, a recording 
medium, a digital camera, a mobile phone and a dis- 
play. 

17. A light emitting device comprising: 

a light emitting element having a cathode, an 
organic compound layer in contact with the 
cathode and an anode in contact with the or- 
ganic compound layer; 

a TFT connected to the light emitting element, 

wherein the TFT comprises: 

a semiconductor layer having a rectangular- 
shaped channel region and at least one pair of 
impurity regions; 

a gate insulating film formed over the rectangu- 
lar-shaped channel region; and 
a gate electrode formed overthe gate insulating 
film. 

18. A light emitting device according to claim 1 7, where- 
in the TFT connected to the light emitting element 
is a p-channel type TFT or an n-channel type TFT. 

19. A light emitting device according to claim 1 7, where- 
in the TFT connected to the light emitting element, 
in the range that the sum of source-drain voltage Vd 
and threshold voltage Vth is larger than gate voltage 
Vg, has a channel conductance gd from 0 to 1 x 
10* Q S. 

20. A light emitting device according to claim 1 7, where- 



in the TFT connected to the light emitting element, 
in the range that the sum of source-drain voltage Vd 
and threshold voltage Vth is largerthan gate voltage 
Vg, has a channel conductance gd from 0 to 5 x 

5 10- 9 S. 

21 . A light emitting device according to claim 1 7, where- 
in the light emitting device is incorporated into an 
electronic equipment selected from the group con- 
10 sisting of a personal computer, a video camera, a 
mobile computer, a goggle type display, a recording 
medium, a digital camera, a mobile phone and a dis- 
play. 
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